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Abstract
The larvae of the black soldier fly (BSFL), Hermetia illucens (Linnaeus, 1758) (Diptera: Stratiomyidae), 
can survive in environments contaminated with various bacteria by producing antimicrobial compounds. 
This study, for the very first time, investigated the potential antibacterial activity of hemolymph 
extracted from BSFL in Malaysia using diffusion and dilution methods. Prior to extraction, the larvae 
were infected with either Methicillin-resistant Staphylococcus aureus (MRSA) or Escherichia coli. Then, 
the hemolymph was collected. Serial dilutions from 200 to 12.5 mg/ml of the hemolymph extracts 
were screened against ten different bacteria. The results showed inhibition of eight out of ten tested 
bacteria (i.e., MRSA, Staphylococcus aureus, Streptococcus pyogenes, Bacillus subtilis, Micrococcus 
luteus, Escherichia coli, Klebsiella pneumoniae and Acinetobacter sp.). We found that immunological-
challenge larvae have stronger antimicrobial activity than the control groups. The Minimum Inhibitory 
Concentrations (MIC) for bacteria against for infected larvae were 12.5 mg/ml for MRSA, S. pyogenes, 
B. subtilis, M. luteus, E. coli, and K. pneumoniae. As for bactericidal activity, the MBC of E. coli infected 
larvae was 25mg/ml against S. pyogenes and B. subtilis. In conclusion, BSFL hemolymph has antibacterial 
activity against a range of bacteria and could be a candidate for novel antimicrobial development.
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INTRODUCTION 
 
 Antimicrobial resistance (AMR) is 
defined as a loss of microorganism response to 
the antimicrobial agents including antibiotics. It 
is associated with several health care problems 
such as increase in mortality rate, prolonged 
hospitalization, and increase in treatment costs.1 
Also, it was predicted that bacterial AMR for 23 
pathogens with 88 pathogen-drug combinations 
had led to 4.95 billion fatalities reported from 
204 countries.2 Antimicrobial resistance can 
develop naturally through genetic transmission 
over time; however, misuse and overuse of 
antibiotics in healthcare and agriculture sectors 
have accelerated this process.3 Bacteria have 
several mechanisms of developing resistance to 
antimicrobial agents, including limiting uptake of 
a drug, altering a drug target, inactivating a drug, 
active efflux of a drug, as well as bypassing of 
metabolic pathways inactivated by antibiotics.4 To 
date, three strategies to overcome antimicrobial 
resistance have been highlighted: (1) discovering 
new antibiotics, (2) improving the efficacy of 
existing antibiotics, and (3) developing alternatives 
to traditional antibiotics.5

 Innate immunity is the first line of 
defense in both mammals and insects. It is 
generally activated by a series of signaling 
cascades responsible for triggering specific 
immune responses.6 Specifically in insects, 
the defense mechanisms triggered several 
immune responses, including production of 
cytotoxic chemicals, phagocytosis, and release 
of antimicrobial compounds from fat bodies into 
the haemolymph.7,8 Several studies have isolated 
and characterized antimicrobial peptides from 
different insects such as cockroaches,9 flies,10 and 
moths.11 Hence, the antimicrobial compounds 
isolated from insects have the potential as new 
antimicrobial agents.
 Black soldier flies are known as effective 
waste recyclers, and their larvae could be utilized 
as animal feed, fertilizer, and natural biodiesel.12-14 
The ability of black soldier fly larvae to survive and 
thrive in bacteria-rich environments has indicated 
their superior immune system that protects them 
from pathogenic microorganisms. To date, there 
have been many studies reporting the discovery 
of antimicrobial compounds such as cecropin-like 

peptides from black soldier fly larvae,15 that have 
the potential as sources of new antibacterial 
agents. It is well known that the production 
of different compounds by plants and animals 
depends on environmental factors such as rainfall, 
temperature, water, and seasons which can affect 
their biological activity.16 Hence, we hypothesized 
that insect production of antimicrobial compounds 
may also depend on environmental factors and 
may vary geographically. Higher temperatures 
and humidity in tropical countries such as 
Malaysia encourage the proliferation of a variety 
of microbes. However, no previous studies have 
attempted to target the antimicrobial activity 
of BSFL under tropical climate against main 
pathogenic bacteria. Therefore, the aim of this 
research was to investigate the antimicrobial 
activity of BSFL in Malaysia as the potential 
antimicrobial agents. 

MATERIALS AND METHODS

Rearing of the black soldier fly larvae
 The 5-day-old larvae of H. illucens were 
purchased from Life Origin Sdn. Bhd, Malaysia. 
They were reared at 30°C, 60% relative humidity, 
and a photoperiod of 14:10 light and dark in an 
incubator (Memmert, Germany). The larvae were 
fed with a mixture of organic wastes such as rotten 
fruits and vegetables added with 200g chicken 
feed until they reached the sixth in star stage 
(~13 days).17 Then, they were divided into three 
groups, each group consisting of about 200-250 
larvae (~300 g). Each experiment performed was 
conducted in triplicate.

Preparation of larvae hemolymph extract
 The first and second groups of black 
soldier fly larvae were pricked deeply at the 
posterior segment of the larvae with 1 cc syringe 
containing 0.5-McFarland bacterial suspension 
of Methicillin-resistant Staphylococcus aureus 
(MRSA) and E. coli, respectively, to stimulate the 
immunity and production of antibacterial peptides, 
while the third group was used as the control. All 
three groups were then incubated overnight at the 
same rearing temperature, humidity, and feeding 
material. After eight hours incubation, the larvae 
were cut with small scissors, and the hemolymph 
was collected in sterile 1.5-microcentrifuge 
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tubes, with a 0.001g of N-phenylthiourea powder 
added to prevent melanization. The collection 
was performed on ice. The hemolymph crude 
extract was then centrifuged and filtered with 
a cellulose acetate membrane before being 
dried in a vacuum concentrator, Concentrator 
Plus (Eppendorf, Germany) until a solid residue 
remained. For the diffusion tests, the original 
weight of the hemolymph dry extract used was 
determined at 200 mg using a beam balance FX-
300i (A&D Company Limited, Japan). The samples 
were diluted by adding 1 ml of autoclaved distilled 
water. The final concentration of the extract was 
200 mg/ml. The product was stored at -20°C until 
further use. To determine the minimum inhibitory 
concentration (MIC), the hemolymph extract was 
further diluted to a serial concentration of 100 mg/
ml, 50 mg/ml, 25 mg/ml, and 12.5 mg/ml.

Diffusion assays
 In this study, ten different gram positive 
and gram negative bacteria, the common causative 
agent of skin, soft tissue and intestinal infections, 
were selected for the screening: MRSA (clinical 
isolate), S. aureus (ATCC 6538), Streptococcus 
pyogenes (ATCC 21547), Staphylococcus epidermidis 
(ATCC 12228), Micrococcus luteus (ATCC 10240), 
Bacillus subtilis (ATCC 6633), E. coli (ATCC 25922), 
Acinetobacter sp. (clinical isolate), Klebsiella 
pneumoniae (ATCC 13883), and Pseudomonas 
aeruginosa (ATCC 15442). The clinical isolates were 
provided by the Microbiology and Parasitology 
Unit, Clinical Diagnostic Laboratories, Hospital 
Al-Sultan Abdullah, Universiti Teknologi MARA 
(UiTM, Malaysia). ATCC bacteria (Remel, United 
Kingdom) were purchased from BIO3 Scientific 
SDN BHD. Bacterial suspensions were prepared 
at a concentration of 0.25 MacFarland in tryptic 
soy broth (TSB) and grown in Muller-Hinton agar 
medium (MH). Two sets of experiments were 
performed using the disk and well methods. The 
hemolymph extract with 200mg/ml were pipetted 
into each well and disk prepared. Common 
antibiotics such as vancomycin (VA, 30 µg/disk), 
penicillin G (P, 5 µg/disk), gentamicin (CN, 10 
µg/disk), polymyxin B (PB, 300 µg/disk) and 
ciprofloxacin (CIP, 5 µg/disk) (Oxoid, UK) were used 
as positive controls. After 12-hours incubation, the 
inhibition zones of bacteria growth were recorded 
in all experimental and control groups.

Minimum inhibitory concentration (MIC)
 For the MIC assay, the same bacteria 
used in the previous section were prepared at 
0.25 MacFarland and added to a 96-well plate. 
The hemolymph extract at serial concentrations 
mentioned above was added to the bacteria at 
a 1:1 ratio. One group of wells (bacteria only) 
served as a negative control and another group 
of wells (broth only) served as a sterile reference. 
MIC concentration was measured before and after 
overnight incubation at 37 °C at wavelength of 595 
nm using a microplate reader. The absorbance 
values were then color-corrected using the 
modified formula.18

Adjusted OD = OD post-incubation – (OD pre-incubation + OD Blank)
2

 Adjusted OD refers to the optical 
density value after being color-corrected, OD 
post-incubation refers to the values read from 
spectrophotometer after 8-hours incubation 
while pre-incubation refers to the readings of the 
same well prior to incubation. OD Blank refers to 
hemolymphs without the addition of bacterial 
suspension.

Minimum bactericidal concentration (MBC)
 From the microplate used for MIC, 10µl 
of each concentration was added to MH agar 
for growth monitoring. They were incubated 
overnight at 37°C. The concentration that showed 
no bacterial growth was recorded as MBC.

Statistical analysis
 Statistical analysis was performed using 
Prism 8 (GraphPad, USA). One-way analysis of 
variance (ANOVA) was used to compare between 
different prior bacterial infections of the larvae 
and the inhibition zones of produced against the 
bacteria tested. Then, Tukey’s multiple comparison 
tests were used to compare between groups, p 
value < 0.05 was considered statistically significant. 

RESULTS

Determination of bacterial susceptibility based 
on diffusion assays
 The antimicrobial activity of hemolymph 
extracts from non-infected larvae and infected 
larvae with MRSA and E. coli were evaluated using 
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two diffusion tests-well and disk methods (Table 
1, Figure). In general, crude extract of hemolymph 
from infected BSF larvae showed inhibitory effect 
against eight bacteria using the disk diffusion 
method (MRSA, S. aureus, S. pyogenes, M. 
luteus, B. subtilis, E. coli, Acinetobacter sp. and K. 
pneumoniae) and when using the well diffusion 
technique, showed inhibitory effects against 
seven bacteria such as MRSA, S. aureus, M. 
luteus, B. subtilis, E. coli, Acinetobacter sp. and K. 

pneumoniae. In addition, the hemolymph of the 
MRSA-infected larvae showed significantly higher 
antimicrobial activity against bacteria such as B. 
subtilis (p = 0.0001), M. luteus (p = 0.0049) and 
E. coli (p = 0.0377) than the non-infected larvae 
(Table 2). Meanwhile for E. coli-infected larvae, 
they showed significant increase compared to 
the non-infected larvae against bacteria such as 
MRSA (p = 0.0149), M. luteus (p = 0.0039) and E. 
coli (p = 0.0377) (Table 2). There were no significant 

Table 1.  Susceptibility of 10 species of pathogenic bacteria to hemolymph extracts from black soldier fly larvae 
(BSFL) using both well and disk diffusion techniques. Antibiotics used as positive control were indicated as the 
following: Vancomycin 30 µg/disk =VA-30, penicillin G 5 µg/disk =P-5, Gentamicin 10 µg/disk =CN-10, polymyxin 
B 300 µg/disk =PB-300, and ciprofloxacin 5 µg/disk= CIP-5

Bacteria  Mean inhibition zones (mm) of the extract p value F value Positive
tested     from BSFL± Standard error (Mean±SE)   Control

 Non-infected Infected with Infected with   
  MRSA E. coli

MRSA      VA30
Well diffusion 6.0±0 9.3±0.29 8.0±0.35 0.18 2.74 26.3±0.17
Disk diffusion 6.7±0.26 9.7±0.47 10.3±0.27 (NS)
S. aureus      VA-30
Well diffusion 6.0±0 10.3±0.42. 9.7±0.45 0.44 1.00 20.3±0.20
Disk diffusion 6.3±0.26 9.0±0.19 7.6±0.48 (NS) 
S. epidermidis 6.0±0     VA30
Well diffusion 6.0± 6.006.0±0  6.0±06.0±0   16.7±0.33
Disk diffusion 
S. pyogenes      P-5
Well diffusion 6.0±07.3±0.12 6.0±0 6.0±07.0±0.12 0.05* 7.00 15.7±0.1
Disk diffusion 7.3±0.12 
M. luteus   23.0±0.24   VA-30
Well diffusion 8.7±0.11 24.3±0.07 19.7+0.08 0.79 0.25 29.0±0.11
Disk diffusion 7.3±0.12 20.3±0.07  (NS)
B. subtilis      VA-30
Well diffusion 6.0±06.3±0.13 7.0±0.128.3±0.12 6.7±0.227.0±0.22 0.02* 13.00 17.7±0.45
Disk diffusion 
E. coli      CN-10
Well diffusion 6.0±06.0±0 6.3±0.12 7.0±0.127.7±0.12 0.11 (NS) 4.00 21.7±0.38
Disk diffusion  7.7±0.12 
Acinetobacter   6.0±0   PB-30
Well diffusion 6.0±0 6.3±0.13 6.7±0.26 0.17 (NS) 2.80 019.0±0.26
Disk diffusion 6.0±0 6.0±0
K. pneumoniae      CN-10
Well diffusion 6.0±0 7.7±0.32 7.7±0.20 0.16 (NS) 3.00 21.7±0.26
Disk diffusion 6.0±0 8.0±0.12 7.0±0.31 
P. aeruginosa  6.0±06.0±0    CIP-52
Well diffusion 6.0±06.0±0     8.0±0.13
Disk diffusion 6.0±0 6.0±0

BSFL = black soldier fly larvae, MRSA = Methicillin-resistant Staphylococcus aureus, p value: (*<0.05); (**<0.005); (***<0.0005), 
(****<0.0001). NS refers Not Significant
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differences of antimicrobial activity of hemolymph 
extracts obtained from the larvae infected with 
MRSA and E. coli against bacteria such as MRSA 
(p = 0.8790), S. aureus (p = 0.4435), S. pyogenes 
(p = 0.5015), B. subtilis (p = 0.1024), M. luteus 
(p = 0.3131), E. coli (p = 0.6452), K. pneumoniae  
(p =0.3779), and Acinetobacter sp. (p = 0.3131). 

Minimum inhibitory concentration (MIC)
 The MIC assay was performed with serial 
dilutions of 200 mg/ml, 100 mg/ml, 50 mg/ml, 
25 mg/ml, and 12.5 mg/ml of hemolymph crude 
extracts from the non-infected and infected larvae 
against eight pathogenic bacteria selected based of 
bacteria susceptibility from well and disk diffusion 
tests (Table 3). The MIC for MRSA was 12.5, 50 and 
100 mg/ml for hemolymph extracts from E. coli-
infected, MRSA-infected, and non-infected larvae, 
respectively. For S. aureus, the MIC was 50 mg/ml 
for the extract from larvae infected with MRSA 
and E. coli, and 25 mg/ml for non-infected larvae. 
Meanwhile for S. pyogenes, the MICs were 50 mg/
ml for the extracts from non-infected and MRSA-
infected larvae, while the MIC for the extract from 
E. coli-infected larvae was 12.5 mg/ml. As for B. 
subtilis, the MIC was 100 mg/ml for non-infected, 
and 12.5 mg/ml for MRSA and E. coli infected 
larvae. The non-infected larvae were unable to 
inhibit E. coli, Acinetobacter sp., K. pneumoniae. 

Meanwhile, for infected larvae, the MICs for E. coli 
and K. pneumoniae were 12.5 mg/ml for both. As 
for Acinetobacter sp., the MIC was 100 mg/ml for 
E. coli-infected larvae. 

Minimum bactericidal concentration (MBC)
 The MBC test was performed using the 
same range of concentrations of hemolymph 
extract as those of the MIC plate (Table 4). Most of 
the tested bacteria demonstrated growth, except 
for B. subtilis and S. pyogenes, which showed no 
growth at the presence of the hemolymph extract 
from E. coli-infected larvae. The MBC for both B. 
subtilis and S. pyogenes was 25 mg/ml.

DISCUSSION

 Hemolymph is a circulating fluid that flows 
through the body of insects and transports various 
nutrients. It is composed of various complex 
materials such as nutrients, water, inorganic and 
organic solutes such as amines, carbohydrates, 
peptides, and proteins. Previous studies showed 
that the hemolymph of BSF contains antimicrobial 
peptides (AMPs) responsible for antimicrobial 
activity.15 In insects, these AMPs are generally 
stored in fat bodies and activated to be released 
upon infection.19 In this study, we provided 
screening of antibacterial effects of crude extracts 

Table 2. Tukey’s Comparison Test between experimental and control groups of black soldiers fly larval hemolymph 
extracts against seven species of pathogenic bacteria.

Bacteria Non-infected Non-infected E. coli infected
 BSFL BSFL BSFL
 versus versus versus
 MRSA-infected  E. coli infected MRSA-infected
 BSFL BSFL BSFL
  p value

MRSA 0.3209 0.0149* 0.8790
S. aureus 0.0634 0.2259 0.4435
S. pyogenes 0.5015 >0.9999 0.5015
B. subtilis <0.0001**** 0.3131 0.1024
M. luteus 0.0049** 0.0039** 0.3131
E. coli 0.0377* 0.0377* 0.6452
K. pneumoniae 0.3779 0.3779 0.3779
Acinetobacter sp. 0.3779 0.6452 0.3131

p value: (*<0.05); (**<0.005); (***<0.0005), (****<0.0001). NS refers Not Significant
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from hemolymph of Malaysian strain BSF using 
disk and well diffusion methods. We found that 
the antimicrobial activities of hemolymph extract 
were more prominent when the hemolymph 
extract was used in the disk diffusion test than in 
the well diffusion method. This could be due to 
the hemolymph extract being liquid and therefore 
dries rapidly in the agar well than on the plates. 
Other studies also showed that the disk diffusion 
method was more useful than the well diffusion 
assay for detecting the antimicrobial activity of 
various animal and plant extracts.20,21

 It was found that the BSFL infected with 
E. coli and MRSA before extraction showed higher 
antimicrobial activities compared to the non-
infected larvae. Generally, AMPs are expressed 
in insect hemolymph at minimal amount due to 
several factors such as metabolic changes, aging, 
and stressors in non-infected larvae.22 However, 
when invaded with bacteria, a series of signaling 
cascades were activated by immune pathways 
such as Toll and IMD (immunodeficiency).23 As 
a result, there were increased expression of 
inflammatory factors and AMPs following the 

immune responses.24 These resulted in stronger 
antimicrobial responses of the infected larvae 
compared to the non-infected ones as portrayed 
in our study.

Table 3. The minimum inhibitory concentration (MIC) 
of hemolymph crude extract from non-infected, E. 
coli- infected and MRSA-infected black soldier fly larvae 
(BSFL) against eight species of pathogenic bacteria

  Minimum Inhibitory Concen.
   (MIC) (mg/ml)

Bacteria Non-  Infected Infected
 infected with with 
   MRSA E. coli

MRSA 100 50 12.5
S. aureus 25 50 50
S. pyogenes 50 50 12.5
B. subtilis 12.5 25 12.5
M. luteus 100 12.5 12.5
E. coli NI 12.5 12.5
K. pneumoniae NI 12.5 12.5
Acinetobacter sp. NI NI 100

NI refers to No Inhibition

Figure. Inhibitory effects of black soldier fly larval hemolymph extracts against five species of pathogenic bacteria: 
(a) MRSA; (b) S. aureus; (c) M. luteus; (d) E. coli; (e) K. pneumoniae
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Table 4. The minimum bactericidal concentration (MBC) of hemolymph extract of black soldier fly larvae (BSFL) 
against eight species of pathogenic bacteria

 Bacteria  Minimum bactericidal concen. (mg/ml)

  200 100 50 25 12.5

 MRSA + + + + +
BSF Non S. aureus + + + + +
infected larvae S. pyogenes + + + + +
 B. subtilis + + + + +
 M. luteus + + + + +
 E. coli + + + + +
 K. pneumoniae + + + + +
 Acinetobacter sp. + + + + +
 MRSA + + + + +
 S. aureus + + + + +
BSF MRSA S. pyogenes + + + + +
infected larvae B. subtilis + + + + +
 M. luteus + + + + +
 E. coli + + + + +
 K. pneumoniae + + + + +
 Acinetobacter sp. + + + + +
 MRSA + + + + +
 S. aureus + + + + +
 S. pyogenes - - - - +
BSF E. coli B. subtilis - - - - +
infected larvae M. luteus + + + + +
 E. coli + + + + +
 K. pneumoniae + + + + +
 Acinetobacter sp. + + + + +

(+) indicates growth of bacteria; (-) indicates no growth of bacteria

 Hemolymph extracted from BSF 
larvae immunized by E. coli showed promising 
bactericidal properties at low concentration 
compared to MRSA-infected larvae. Previous 
studies also showed an increase in bacteriolytic 
activities in hemolymph upon infection with 
E. coli -LPS (lipopolysaccharide), which was 
attributed to increased lysozyme and defense 
protein production in insects.25,26 When infected 
with various bacteria, gram negative bacteria 
triggered the IMD pathways while gram positive 
bacteria activated the Toll pathways.27 Extracellular 
recognition factors started protease cascades 
that activated the Toll receptor ligand Spatzle in 
order to activate the Toll pathway in Drosophila 
while IMD pathways control the activity of a 
third NF-kB protein in Drosophila called Relish 
and regulated the production of the majority of 
AMPs.28,29 Different transcripts and AMP levels 

were produced because of variations in activation 
methods. In contrast to gradual and prolonged 
induction of the genes by Toll pathways, it was 
found that IMD pathways were more engaged 
in the robust, accurate, and higher expression of 
AMP genes of flour beetle, Tribolium castaneum.30 
Therefore, we deduced that E. coli-infected BSF 
larvae might also share similar immune responses, 
hence resulting in stronger antimicrobial activities 
compared to MRSA-infected larvae. However, 
to fully understand the immune mechanisms 
involved in post-bacteria infected larvae, further 
experiments on immune pathways of BSF larvae 
are necessary. 

CONCLUSION 

 In short, the hemolymph of Malaysia 
strain BSFL-infected with bacteria showed 
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greater antimicrobial activity compared to the 
non-infected larvae. Between the bacteria, E. 
coli-infected larvae showed better antimicrobial 
activity against S. pyogenes and B. subtilis 
than MRSA. More future works are needed 
especially on the purification and elucidation of 
the antimicrobial compounds responsible for the 
antibacterial activity from Malaysian strain BSFL. 
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